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(57) ABSTRACT 

A method including forming a first metal wire in a first dielec 
tric layer, the first metal wire including a first vertical side 
opposite from a second vertical side; and forming a second 
metal wire in a second dielectric layer above the first dielec 
tric layer, the second metal wire including a third vertical side 
opposite from a fourth vertical side, where the first vertical 
side is laterally offset from the third vertical side by a first 
predetermined distance, and the second vertical side is later 
ally offset from the fourth vertical side by a second predeter 
mined distance, where the first metal wire and the second 
metal wire are in direct contact with one another. 
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METAL WIRES OF A STACKED INDUCTOR 

BACKGROUND 

0001. The present invention generally relates to semicon 
ductor device manufacturing, and more particularly to the 
fabrication of stacked metal wires of an inductor. 

0002 Miniaturization of electronic circuits is a goal in 
virtually every field, not only to achieve high density in 
mechanical packaging, but also to decrease the manufactur 
ing costs of the circuits. Many digital and analog circuits, 
including complex microprocessors and operational amplifi 
ers, have been Successfully implemented in silicon based 
integrated circuits (ICs). These circuits typically include 
active devices, such as bipolar transistors and field effect 
transistors (FETs), diodes of various types, and passive 
devices, such as resistors and capacitors. 
0003. One area that remains a challenge to miniaturize is 
radio frequency (RF) circuits, such as those used in cellular 
telephones, wireless modems, and other types of communi 
cation equipment. The problem is the difficulty in producing 
a good inductor in silicon technologies that is suitable for RF 
applications. Attempts to integrate inductors into silicon tech 
nologies have yielded either inductor Q values less than five 
or required special metallization layers such as gold. The Q 
value of an inductor may equal the efficiency of the inductor 
divided by the losses of the inductor. 
0004. It is well known that the direct current (DC) resis 
tance of a metal line that forms a spiral inductor is a major 
contributor to the inductor Q degradation. One way to reduce 
this effect is to use wide metal line-widths, however, this 
increases the inductor area and the parasitic capacitance asso 
ciated with the structure. The larger inductor area limits the 
miniaturization that can beachieved, and the parasitic capaci 
tance associated with the larger area decreases the self-reso 
nance frequency of the inductor, thereby limiting its useful 
frequency range. Also, since the Q is directly proportional to 
frequency and inversely proportional to the series loss of the 
inductor, the metal line widths cannot be arbitrarily large. 
0005 One approach may include fabricating an inductor 
in which multiple metal wires are stacked vertically to 
achieve desired Qvalues. Optimally, the multiple metal wires 
would all be of an equal width and would be aligned perfectly 
one on top of the other; however, due to fabrication con 
straints and current processing capabilities or limitations 
there exist Some misalignment between one metal wire 
stacked above another metal wire. The misalignment between 
adjacent metal wires may yield performance and reliability 
issues due to cracking at or near an intersection between 
adjacent metal wires. 
0006. Therefore, it may be desirable, among other things, 
to overcome the deficiencies described above. 

SUMMARY 

0007 According to one embodiment of the present inven 
tion, a method is provided. The method may include forming 
a first metal wire in a first dielectric layer, the first metal wire 
comprising a first vertical side opposite from a second Vertical 
side; and forming a second metal wire in a second dielectric 
layer above the first dielectric layer, the second metal wire 
comprising a third vertical side opposite from a fourth Vertical 
side, wherein the first vertical side is laterally offset from the 
third vertical side by a first predetermined distance, and the 
second vertical side is laterally offset from the fourth vertical 
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side by a second predetermined distance, wherein the first 
metal wire and the second metal wire are in direct contact 
with one another. 
0008 According to another exemplary embodiment, a 
structure is provided. The structure may include a first metal 
wire in a first dielectric layer, the first metal wire comprising 
a first vertical side opposite from a second vertical side; and a 
second metal wire in a second dielectric layer above the first 
dielectric layer, the second metal wire comprising a third 
vertical side opposite from a fourth vertical side, wherein the 
first vertical side is laterally offset from the third vertical side, 
and the second vertical side is laterally offset from the fourth 
vertical side, wherein the first metal wire and the second metal 
wire are in direct contact with one another. 
0009. According to another exemplary embodiment, a 
design structure tangibly embodied in a machine readable 
medium for designing, manufacturing, or testing an inte 
grated circuit is provided. The design structure may include a 
first metal wire in a first dielectric layer, the first metal wire 
comprising a first vertical side opposite from a second Vertical 
side; and a second metal wire in a second dielectric layer 
above the first dielectric layer, the second metal wire com 
prising a third vertical side opposite from a fourth vertical 
side, wherein the first vertical side is offset from the third 
Vertical side by at least approximately 0.6 um, and the second 
vertical side is offset from the fourth vertical side by at least 
approximately 0.6 um, wherein the first metal wire and the 
second metal wire are in direct contact with one another. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

0010. The following detailed description, given by way of 
example and not intended to limit the invention solely thereto, 
will best be appreciated in conjunction with the accompany 
ing drawings, in which: 
0011 FIGS. 1-3 illustrate the steps of a method of forming 
an inductor according to an exemplary embodiment. 
0012 FIG. 1 is a cross section view illustrating the forma 
tion of a first inductor level above a lower wiring level accord 
ing to an exemplary embodiment. 
0013 FIG. 2 is a cross section view illustrating the forma 
tion of a trench in a second inductor level above the first 
inductor level according to an exemplary embodiment. 
0014 FIG. 3 is a cross section view illustrating the forma 
tion of a second metal wire and the final structure according to 
an exemplary embodiment. 
0015 FIG. 4 is a cross section view illustrating a final 
structure according to another exemplary embodiment. 
0016 FIG. 5 is a cross section view illustrating a final 
structure according to another exemplary embodiment. 
0017 FIG. 6 is a cross section view illustrating a final 
structure according to another exemplary embodiment. 
0018 FIG. 7 is a flow diagram of a design process used in 
semiconductor design, manufacture, and/or test. 
0019. The drawings are not necessarily to scale. The draw 
ings are merely schematic representations, not intended to 
portray specific parameters of the invention. The drawings are 
intended to depict only typical embodiments of the invention. 
In the drawings, like numbering represents like elements. 

DETAILED DESCRIPTION 

0020 Detailed embodiments of the claimed structures and 
methods are disclosed herein; however, it can be understood 
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that the disclosed embodiments are merely illustrative of the 
claimed structures and methods that may be embodied in 
various forms. This invention may, however, be embodied in 
many different forms and should not be construed as limited 
to the exemplary embodiments set forth herein. Rather, these 
exemplary embodiments are provided so that this disclosure 
will be thorough and complete and will fully convey the scope 
of this invention to those skilled in the art. In the description, 
details of well-known features and techniques may be omitted 
to avoid unnecessarily obscuring the presented embodiments. 
0021. The embodiments of the present invention generally 
relates semiconductor device manufacturing, and more par 
ticularly to the fabrication of a high performance metal 
stacked inductor in which one or more metal wires may be 
stacked one on top of another. In one embodiment, an under 
lying metal wire may be wider than a Subsequently formed 
metal wire to specifically address the issues of cracking 
described above. In another embodiment, an underlying 
metal wire may be narrower than a Subsequently formed 
metal wire for the same reasons. Moreover, the drawings 
associated with embodiments of the present invention only 
illustrate an inductor area of a structure. Other areas, such as 
wiring or metallization areas can lie to the periphery of the 
inductor area shown. 
0022 Advantageously, the formation of the inductor of the 
present invention can be implemented in the back-end-of-line 
(BEOL), and is compatible with current process flows. Thus, 
known BEOL fabrication techniques may generally be used 
to fabricate the stacked metal wires. The BEOL may be dis 
tinguished from the front-end-of-line (FEOL) in that semi 
conductor devices, for example transistors, may be fabricated 
in the FEOL while the connections to and between those 
semiconductor devices may be formed in the BEOL. The 
embodiments of the present invention thus allow the stacked 
metal wires to be fabricated during normal interconnect pro 
cess flows, thus advantageously reducing processing costs for 
manufacturing of improved inductors. 
0023 Ideally, higher efficiency and increased capabilities 
are preferable of any inductor. One way to achieve improved 
reliability and high efficiency within a small footprint may 
include forming an inductor having stacked metal wires 
which are offset from one another. An embodiment by which 
to fabricate stacked metal wires offset from one another is 
described in detail below by referring to the accompanying 
drawings FIGS. 1-3. In the present embodiment, two metal 
wires may be fabricated, one on top of another, in which the 
sides of the upper metal wire are offset from the sides of the 
lower metal wire such that the upper metal wire is narrower 
than the lower metal wire. 

0024. Referring now to FIG. 1, a structure 100 is shown. 
The structure 100 may include a substrate 102 and a lower 
wiring level 104. The lower wiring level 104 may include an 
interconnect structure having a dielectric layer 106 with a 
lower wire 108 and avia 110 embedded therein. The substrate 
102 may include a bulk semiconductor or a layered semicon 
ductor such as Si/SiGe, a silicon-on-insulator (SOI), or a 
SiGe-on-insulator (SGOI). Bulk substrate materials may 
include undoped Si, n-doped Si, p-doped Si, single crystal Si. 
polycrystalline Si, amorphous Si, Ge. SiGe. SiC. SiGeC, Ga. 
GaAs, InAs, InP and all other III/V or II/VI compound semi 
conductors. 

0025. When the substrate 102 includes an insulator, the 
insulator may include any inorganic or organic dielectric 
material. The insulator can be porous or non-porous and may 
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have a low dielectric constant (less than 4.0) or a high dielec 
tric constant (4.0 or greater). Illustrative examples of insula 
tors that can be used in the substrate 102 can include, but are 
not limited to: oxides such as SiO, Al-O, Hf, ZrO, and 
perovskite oxides, nitrides, oxynitrides, polyimides, poly 
imines, Si-containing polymers, or low-k dielectric constant 
materials such as SILK. 
0026. The dielectric layer 106 may be deposited above the 
Substrate 102 using a conventional deposition process Such 
as, for example, spin-on coating, chemical vapor deposition 
(CVD), plasma-enhanced CVD, evaporation or other like 
deposition process. The thickness of the dielectric layer 106 
after deposition may vary and is not critical to the various 
embodiments of the present invention. 
0027. The dielectric layer 106 may include any suitable 
dielectric material, for example, silicon oxide (SiO2), silicon 
nitride (SiN.), hydrogenated silicon carbon oxide (SiCOH), 
silicon based low-k dielectrics, or porous dielectrics. Known 
Suitable deposition techniques, such as, for example, atomic 
layer deposition, chemical vapor deposition, or physical 
vapor deposition may be used to form the dielectric layer 106. 
The dielectric layer 106 may have a thickness ranging from 
about 0.5um to about 8 Lum. 
(0028. Next, the dielectric layer 106 may be patterned by 
lithography and etching to form the lower wire 108 and the via 
110. In either case, a trench or opening may first be patterned 
into the dielectric layer 106, after which the trench or opening 
may be filled with a conductive material such as W. Al, Cu and 
the like by a conventional deposition process. It should be 
noted that multiple lithography steps may be used to form 
both the lower wire 108 and the via 110. More specifically, the 
lower wire 108 may be formed first, and the via 110 may be 
formed second directly above the lower wire 108. If needed, 
the structure 100 can be planarized at this point of the present 
invention by utilizing a conventional planarization process 
Such as chemical mechanical polishing or grinding. 
0029. With continued reference to FIG. 1, a first inductor 
level 112 may beformed directly above the lower wiring level 
104. The first inductor level 112 may include a first metal wire 
114 formed in a first dielectric layer 116, and a first cap 
dielectric 118. The first inductor level 112 may generally be 
similar to any interconnect level in the structure 100. The first 
metal wire 114 may be similar to a typical line or wire found 
in a typical semiconductor circuit, for example the lower wire 
108. 
0030. The first dielectric layer 116 may be substantially 
similar to the dielectric layer 106, described in detail above. 
In one embodiment, the first dielectric layer 116 may have a 
thickness ranging from about 0.5um to about 8 um. 
0031. The first metal wire 114 may be formed in the first 
dielectric layer 116 in accordance with typical lithography 
techniques. The first metal wire 114 may be fabricated using, 
for example, a typical single damascene technique in which a 
conductive interconnect material may be deposited in a trench 
formed in the first dielectric layer 116. The trench may be 
formed using any Suitable masking and etching technique 
known in the art. In one embodiment, a dry etching technique 
using a fluorine based etchant, such as, for example C, F may 
be used to form the trench in the first dielectric layer 116. 
Next, a conductive interconnect material may be deposited 
within the trench and above the first dielectric layer 116. Any 
known filling technique Such as electroplating, electroless 
plating, chemical vapor deposition, physical vapor deposition 
or a combination of methods may be used to deposit the 



US 2014/0354392 A1 

conductive interconnect material within the trench. The first 
metal wire 114, may include any metal suitable for intercon 
nect structures, such as, for example, copper, aluminum, or 
tungsten. 
0032. A seed layer (not shown) may first be deposited 
within the trench in instances where a plating technique is 
used to form the first metal wire 114. The seed layer may 
include any suitable conductive interconnect material similar 
to that used in the formation of the first metal wire 114. In one 
embodiment, the first metal wire 114 may include various 
barrier liners (not shown). The barrier liner may separate the 
conductive interconnect material of the first metal wire 114 
from the first dielectric layer 116. One barrier liner may 
include, for example, tantalum nitride (TaN), followed by an 
additional layer including tantalum (Ta). Other barrier liners 
may include cobalt (Co), or ruthenium (Ru) either alone or in 
combination with any other suitable liner. 
0033. In one embodiment, the first metal wire 114 may 
include copper deposited using a chemical vapor deposition 
technique. In the present embodiment, copper may be chosen 
for easy integration into typical BEOL process flows. The first 
metal wire 114 may have a thickness similar to that of the 
dielectric layer 106 above. 
0034. Like above, a chemical mechanical polishing tech 
nique may be applied to remove excess conductive intercon 
nect material prior to depositing the first cap dielectric 118 
above the first metal wire 114 and above the first dielectric 
116. The chemical mechanical polishing technique may pol 
ish the structure 100 selective to the first dielectric layer 116. 
The first cap dielectric 118 may electrically insulate the first 
inductor level 112 from additional inductor levels (not 
shown) that may be subsequently formed above the first 
inductor level 112. The first cap dielectric 118 may be depos 
ited using typical deposition techniques, for example, chemi 
cal vapor deposition. The first cap dielectric 118 may include, 
for example, silicon nitride (SiN.), silicon carbide (SiC), 
silicon carbon nitride (SiCN), hydrogenated silicon carbide 
(SiCH), or other known capping materials. The first cap 
dielectric 118 may have a thickness ranging from about 20 nm 
to about 100 nm and ranges there between, although a thick 
ness less than 20 nm and greater than 100 nm may be accept 
able. 

0035. The first metal wire 114 may generally represent 
any metal wire in a series of stacked metal wires used to form 
an inductor; however, in the present embodiment, the first 
metal wire 114 represents the lowermost metal wire. It should 
be noted that the fabrication techniques described above may 
be used to manufacture any metal wire in the stack of metal 
wires. Furthermore, the first metal wire 114 is illustrated as 
having a similar thickness as the first dielectric layer 116 
which may by typical of most metal wires in the stack. As 
shown, the first metal wire 114 is in direct contact with the via 
110 of the lower wiring level 104. 
0036 Referring now to FIG.2, a second inductor level 120 
may be fabricated above the first inductor lever 112. The 
second inductor level 120 may include a second metal wire 
126 (FIG. 3) formed in a second dielectric layer 122, and a 
second cap dielectric 128 (FIG.3). First, the second dielectric 
layer 122 may be deposited above the first cap dielectric 118. 
The second dielectric layer 122 may be substantially similar 
to the first dielectric layer 116. In one embodiment, the sec 
ond dielectric layer 122 may have a thickness ranging from 
about 0.5um to about 8 um. 
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0037. Like the first metal wire 114 above, a second metal 
wire may be formed in the second dielectric layer 122 in 
accordance with typical lithography techniques. A trench 124 
may be formed in the second dielectric layer 122. In one 
embodiment, as shown, the trench 124 may have a width (w) 
less than a width (w) of the first metal wire 114. In another 
embodiment, the trench 124 may have a width (w) greater 
than a width (w) of the first metal wire 114, as illustrated in 
the final structure depicted in FIG. 4. In yet another embodi 
ment, the width (w) of the first metal wire 114 may be 
substantially similar to the width (w) of the second metal 
wire 126, as illustrated in the final structure depicted in FIG. 
5 

0038. The trench 124 may be formed using any suitable 
masking and etching technique known in the art, like above. 
Formation of the trench 124 may preferably remove a portion 
of the cap dielectric 118 and expose a portion of the first metal 
wire 114. The second dielectric layer 122 and the first cap 
dielectric 118 may be etched either together using a single 
etching technique or individually using two separate etching 
techniques. In the present embodiment, a portion of the first 
cap dielectric 118 may remain above a portion of the first 
metal wire 114. Such configurations may be susceptible to 
failure caused by delamination at the interface between the 
first cap dielectric 118 and the first metal wire 114. 
0039 Referring now to FIG. 3, the trench 124 (FIG. 2) 
may subsequently be filled with an interconnect material to 
form a second metal wire 126. Similar fabrication techniques 
as described above with reference to the formation of the first 
metal wire 114 may be used to form the second metal wire 
124. Furthermore, the second metal wire 126 may also 
optionally include a seed layer or a barrier layer, or both. 
0040 Like above, a chemical mechanical polishing tech 
nique may be applied to remove excess conductive intercon 
nect material prior to depositing a second cap dielectric 128 
above the second metal wire 126 and above the second dielec 
tric layer 122. The second cap dielectric 128 may electrically 
insulate the second inductor level 120 from additional induc 
tor levels (not shown) that may be subsequently formed above 
the second inductor level 120. The second cap dielectric 128 
may be substantially similar to the first cap dielectric 118 and 
may be deposited using a similar technique. 
0041. In one embodiment, a typical width of either the first 
or second metal wires 114, 126, for example (w) or (w), 
may range from about 2 um to about 50 um. It should be noted 
however, that the width (w) of the first metal wire 114 may be 
different than the width (w) of the second metal wire 126 due 
to the offset distance described above. 

0042. The structure 100 illustrated in FIG.3 represents the 
final structure 100 according to one embodiment. The stacked 
metal wires, for example the first and second metal wires 114, 
126, may together form a single thicker wire which may be 
implemented to improve the efficiency and capabilities of an 
inductor. As described above, the first and second metal wires 
114, 126 may represent any two metal wires in the stack of 
metal wires of an inductor. In the present embodiment, the 
vertical sides of the second metal wire 126 may be offset from 
the vertical sides of the first metal wire 114 by a predeter 
mined distance (X, X). Such that the second metal wire 126 is 
narrower than the first metal wire 114. In one embodiment, 
the offset distances (X, X) may be at least 0.6 um. It should 
be noted that the offset distance (X) may or may not be equal 
to the offset distance (X). In the present embodiment, a 
portion of the second dielectric layer 122 and the first cap 
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dielectric 118 may remain above the first metal wire 114 as a 
result of the offset described above. The risk of failure due to 
cracking may be reduced or eliminated by offsetting the Ver 
tical sides of the upper wire, for example the second metal 
wire 126, from the vertical sides of the lower wire, for 
example the first metal wire 114. 
0043. In one embodiment, the first and second dielectric 
layers 116,122 may have different thickness, for example, the 
first metal wire 114 may preferably be thinner than the second 
metal wire 126. More specifically, for example, the first 
dielectric layer 116 may have a thickness ranging from about 
0.5um to about 4 Lim, and the second dielectric layer 122 may 
have a thickness ranging from about 3 um to about 8 um. 
Therefore, the first and second metal wires 114, 126 may also 
have different thicknesses which may correspond to the thick 
nesses of the first and second dielectric layers 116, 122. 
0044) Referring now to FIG. 4, a final structure 200 is 
shown according to another embodiment. The structure 200 
may be substantially similar in all respects to the structure 100 
described in detail above; however, in the present embodi 
ment, the sides of the upper metal wire are offset from the 
sides of the lower metal wire such that the upper metal wire is 
wider than the lower metal wire. 
0045. In the present embodiment, the vertical sides of the 
second metal wire 126 may be offset from the vertical sides of 
the first metal wire 114 by a predetermined distance (X,x), 
as described above. Unlike the previously described embodi 
ment, the second metal wire 126 may extend above a portion 
of the first dielectric layer 116 as a result of the offset 
described above. Again, the potential for cracking and failure 
is reduced by offsetting the vertical sidewalls of two adjacent 
metal wires stacked one on top of the other. The present 
embodiment further reduces the risk of cracking, and this 
failure, by eliminating the interface between the first cap 
dielectric 118 and the first metal 114. 
0046 Referring now to FIG. 5, a final structure 300 is 
shown according to another embodiment. The structure 300 
may be substantially similar in all respects to the structure 100 
described in detail above; however, in the present embodi 
ment, the sides of the upper metal wire are offset from the 
sides of the lower metal wire such that the upper metal wire is 
offset from the lower metal wire, as shown. 
0047. In the present embodiment, the vertical sides of the 
second metal wire 126 may be offset from the vertical sides of 
the first metal wire 114 by a predetermined distance (X, X). 
as described above. Unlike embodiments described above, a 
portion of the second dielectric layer 122 and the first cap 
dielectric 118 may remain above the first metal wire 114 at 
one end of the second metal wire 126, and a portion of the 
second metal wire 126 may extendabove a portion of the first 
dielectric 116 at another end of the second metal wire 126. 
Again, the potential for cracking and failure is reduced by 
offsetting the vertical sidewalls of two adjacent metal wires 
stacked one on top of the other. 
0048. The inductors illustrated in FIGS. 3, 4 and 5 may 
each be referred to as a dual-metal inductor. The same prin 
ciples described above may also be applied to the fabrication 
of a tri-metal inductor in which three metal wires are stacked 
one on top of another. In the case of a tri-metal inductor the 
metal wires may have any width so long as the vertical sides 
of one metal wire are offset from the vertical sides of an 
immediately adjacent metal wire, as described above. An 
example of a tri-metal inductor is described below with ref 
erence to FIG. 6. Also, the inductors illustrated in FIG. 3, 4, 5 
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or 6 may have a spiral configuration, but may alternatively 
have some configuration other than a spiral, for example a 
rectangle, a square, or an octagon as is well known in the art. 
0049 Referring now to FIG. 6, a final structure 400 is 
shown according to another embodiment. The structure 400 
may be substantially similar in all respects to the structure 100 
described in detail above; however, in the present embodi 
ment, a third inductor level 130 may beformed below the first 
inductor level 112, as shown. The third inductor level 130 
may include a third metal wire 132 formed in a third dielectric 
layer 134, and a third cap dielectric 136. The third inductor 
level 130 may be substantially similar to either the first or 
second inductor levels 112, 120, described above. In one 
embodiment, the third dielectric layer 134 may have a thick 
ness ranging from about 0.5um to about 8 um. 
0050. Like the first and second metal wires 114, 126 
above, a third metal wire 132 may be formed in the third 
dielectric layer 134 in accordance with typical lithography 
techniques, as described in more detail above with reference 
to the first and second metal wires 114, 126. A chemical 
mechanical polishing technique may be applied to remove 
excess conductive interconnect material prior to depositing 
the third cap dielectric 136 above the third metal wire 132 and 
above the third dielectric layer 134. The third cap dielectric 
136 may electrically insulate the third inductor level 130 from 
the first inductor level 112 above. The third cap dielectric 136 
may be substantially similar to the first and second cap dielec 
trics 118, 128 and may be deposited using a similar technique. 
0051. In one embodiment, a typical width of either the 

first, second, or third metal wires 114, 126, 132 for example 
(w), (W), or (w) may range from about 2 um to about 50 
um. It should be noted however, that the width (w) of the first 
metal wire 114 may be different than the width (w) of the 
second metal wire 126 as is described in detail above. In some 
embodiments, the width (w) of the second metal wire 126 
may be either wider or narrower than the width (w) of the 
first metal wire 114, as detailed above. Generally, the width 
(w) of the third metal wire 132 may be any size relative to the 
width (w) of the first metal wire 114, and is not critical to the 
various embodiments of the present invention. 
0052. In the present embodiment, the vertical sides of the 
second metal wire 126 may be offset from the vertical sides of 
the first metal wire 114 in accordance with description above 
with reference to FIGS. 1-4. 

0053. The stacked metal wires of the structure 400, for 
example the first, second, and third metal wires 114, 126,132, 
may together form a single thicker wire which may be imple 
mented to improve the efficiency and capabilities of an induc 
tor. The first, second, and third metal wires 114, 126, 132 may 
represent any three metal wires in the stack of metal wires of 
an inductor. 

0054. In one embodiment, the first, second, and third 
dielectric layers 116, 122, 134 may have different thickness. 
For example, the first dielectric layer 116 may have a thick 
ness ranging from about 0.5 um to about 4 um, the second 
dielectric layer 122 may have a thickness ranging from about 
3 um to about 8 um, and the third dielectric layer 134 may 
have a thickness ranging from about 0.5 um to about 4 Lum. 
Therefore, the first, second, and third metal wires 114, 116, 
132 may also have different thicknesses which may corre 
spond to the thicknesses of the first, second, and third dielec 
tric layers 116, 122, 134. In one embodiment, the first metal 
wire 114 may preferably be thinner than the second metal 
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wire 126, and the third metal wire 132 may preferably be 
thinner than the second metal wire 126. 

0055. Now referring to FIG. 7a block diagram of an exem 
plary design flow 900 used, for example, in semiconductor IC 
logic design, simulation, test, layout, and manufacture, is 
shown. The design flow 900 includes processes, machines 
and/or mechanisms for processing design structures or 
devices to generate logically or otherwise functionally 
equivalent representations of the design structures and/or 
devices described above and shown in FIGS. 1-6. The design 
structures processed and/or generated by the design flow 900 
may be encoded on machine readable transmission or storage 
media to include data and/or instructions that when executed 
or otherwise processed on a data processing system generate 
a logically, structurally, mechanically, or otherwise function 
ally equivalent representation of hardware components, cir 
cuits, devices, or systems. Machines include, but are not 
limited to, any machine used in an IC design process. Such as 
designing, manufacturing, or simulating a circuit, compo 
nent, device, or system. For example, machines may include: 
lithography machines, machines and/or equipment for gen 
erating masks (e.g. e beam writers), computers or equipment 
for simulating design structures, any apparatus used in the 
manufacturing or test process, or any machines for program 
ming functionally equivalent representations of the design 
structures into any medium (e.g. a machine for programming 
a programmable gate array). 
0056. The design flow 900 may vary depending on the 
type of representation being designed. For example, a design 
flow 900 for building an application specific IC (ASIC) may 
differ from a design flow 900 for designing a standard com 
ponent or from a design flow 900 for instantiating the design 
into a programmable array, for example a programmable gate 
array (PGA) or a field programmable gate array (FPGA) 
offered by Altera R, Inc. or Xilinx R, Inc. 
0057 FIG. 7 illustrates multiple such design structures 
including an input design structure 920 that is preferably 
processed by a design process 910. The design structure 920 
may be a logical simulation design structure generated and 
processed by the design process 910 to produce a logically 
equivalent functional representation of a hardware device. 
The design structure 920 may also or alternatively comprise 
data and/or program instructions that when processed by the 
design process 910, generate a functional representation of 
the physical structure of a hardware device. Whether repre 
senting functional and/or structural design features, the 
design structure 920 may be generated using electronic com 
puter-aided design (ECAD) Such as implemented by a core 
developer/designer. When encoded on a machine-readable 
data transmission, gate array, or storage medium, the design 
structure 920 may be accessed and processed by one or more 
hardware and/or Software modules within the design process 
910 to simulate or otherwise functionally represent an elec 
tronic component, circuit, electronic or logic module, appa 
ratus, device, or system such as those shown in FIGS. 1-6. As 
such, the design structure 920 may comprise files or other 
data structures including human and/or machine-readable 
Source code, compiled structures, and computer-executable 
code structures that when processed by a design or simulation 
data processing system, functionally simulate or otherwise 
represent circuits or other levels of hardware logic design. 
Such data structures may include hardware-description lan 
guage (HDL) design entities or other data structures conform 
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ing to and/or compatible with lower-level HDL design lan 
guages Such as Verilog and VHDL, and/or higher level design 
languages such as C or C++. 
0058. The design process 910 preferably employs and 
incorporates hardware and/or software modules for synthe 
sizing, translating, or otherwise processing a design/simula 
tion functional equivalent of the components, circuits, 
devices, or logic structures shown in FIGS. 1-6 to generate a 
Netlist 980 which may contain design structures such as the 
design structure 920. The Netlist 980 may include, for 
example, compiled or otherwise processed data structures 
representing a list of wires, discrete components, logic gates, 
control circuits, I/O devices, models, etc. that describes the 
connections to other elements and circuits in an integrated 
circuit design. The Netlist 98.0 may be synthesized using an 
iterative process in which the Netlist980 is resynthesized one 
or more times depending on design specifications and param 
eters for the device. As with other design structure types 
described herein, the Netlist 98.0 may be recorded on a 
machine-readable data storage medium or programmed into a 
programmable gate array. The medium may be a non-volatile 
storage medium such as a magnetic or optical disk drive, a 
programmable gate array, a compact flash, or other flash 
memory. Additionally, or in the alternative, the medium may 
be a system or cache memory, buffer space, or electrically or 
optically conductive devices and materials on which data 
packets may be transmitted and intermediately stored via the 
Internet, or other networking suitable means. 
0059. The design process 91.0 may include hardware and 
Software modules for processing a variety of input data struc 
ture types including the Netlist980. Such data structure types 
may reside, for example, within library elements 930 and 
include a set of commonly used elements, circuits, and 
devices, including models, layouts, and symbolic representa 
tions, for a given manufacturing technology (e.g., different 
technology nodes, 32 nm, 45 nm, 90 nm, etc.). The data 
structure types may further include design specifications 940, 
characterization data 950, verification data 960, design rules 
970, and test data files 985 which may include input test 
patterns, output test results, and other testing information. 
The design process 910 may further include, for example, 
standard mechanical design processes such as stress analysis, 
thermal analysis, mechanical event simulation, process simu 
lation for operations such as casting, molding, and die press 
forming, etc. One of ordinary skill in the art of mechanical 
design can appreciate the extent of possible mechanical 
design tools and applications used in the design process 910 
without deviating from the scope and spirit of the invention. 
The design process 910 may also include modules for per 
forming standard circuit design processes such as timing 
analysis, Verification, design rule checking, place and route 
operations, etc. 
0060. The design process 910 employs and incorporates 
logic and physical design tools such as HDL compilers and 
simulation model build tools to process the design structure 
920 together with some or all of the depicted supporting data 
structures along with any additional mechanical design or 
data (if applicable), to generate a second design structure990. 
The second design structure 990 resides on a storage medium 
or programmable gate array in a data format used for the 
exchange of data of mechanical devices and structures (e.g. 
information stored in a IGES, DXF, Parasolid XT, JT, DRG, 
or any other Suitable format for storing or rendering Such 
mechanical design structures). Similar to the design structure 
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920, the second design structure 990 preferably comprises 
one or more files, data structures, or other computer-encoded 
data or instructions that reside on transmission or data storage 
media and that when processed by an ECAD system generate 
a logically or otherwise functionally equivalent form of one 
or more of the embodiments of the invention shown in FIGS. 
1-6. In one embodiment, the second design structure 990 may 
comprise a compiled, executable HDL simulation model that 
functionally simulates the devices shown in FIGS. 1-6. 
0061 The second design structure 990 may also employ a 
data format used for the exchange of layout data of integrated 
circuits and/or symbolic data format (e.g. information stored 
in a GDSII (GDS2), GL1, OASIS, map files, or any other 
Suitable format for storing Such design data structures). The 
second design structure 990 may comprise information such 
as, for example, symbolic data, map files, test data files, 
design content files, manufacturing data, layout parameters, 
wires, levels of metal, vias, shapes, data for routing through 
the manufacturing line, and any other data required by a 
manufacturer or other designer/developer to produce a device 
or structure as described above and shown in FIGS. 1-6. The 
second design structure 990 may then proceed to a stage 995 
where, for example, the second design structure 990: pro 
ceeds to tape-out, is released to manufacturing, is released to 
a mask house, is sent to another design house, is sent back to 
the customer, etc. 
0062. The descriptions of the various embodiments of the 
present invention have been presented for purposes of illus 
tration, but are not intended to be exhaustive or limited to the 
embodiments disclosed. Many modifications and variations 
will be apparent to those of ordinary skill in the art without 
departing from the scope and spirit of the described embodi 
ments. The terminology used herein was chosen to best 
explain the principles of the embodiment, the practical appli 
cation or technical improvement over technologies found in 
the marketplace, or to enable others of ordinary skill in the art 
to understand the embodiments disclosed herein. 
What is claimed is: 
1. A method comprising: 
forming a first metal wire in a first dielectric layer, the first 

metal wire comprising a first vertical side opposite from 
a second Vertical side; and 

forming a second metal wire in a second dielectric layer 
above the first dielectric layer, the second metal wire 
comprising a third vertical side opposite from a fourth 
vertical side, wherein the first vertical side is laterally 
offset from the third vertical side by a first predeter 
mined distance, and the second Vertical side is laterally 
offset from the fourth vertical side by a second prede 
termined distance, 

wherein the first metal wire and the second metal wire are 
in direct contact with one another. 

2. The method of claim 1, whereinforming the first metal 
wire in the first dielectric layer comprises: 

forming a first trench in the first dielectric layer; and 
depositing a first conductive interconnect material within 

the first trench to form the first metal wire. 
3. The method of claim 1, wherein forming the second 

metal wire in the second dielectric layer comprises: 
forming a second trench in the second dielectric layer, and 
depositing a second conductive interconnect material 

within the second trench to form the second metal wire. 
4. The method of claim 1, wherein forming the second 

metal wire in the second dielectric layer comprises: 
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forming the second metal wire with a thickness thicker than 
the first metal wire. 

5. The method of claim 1, further comprising: 
forming a first capping layer above the first metal wire and 

the first dielectric layer; and 
forming a second capping layer above the second metal 

wire and the second dielectric layer. 
6. The method of claim 1, wherein a width of the second 

metal wire is less than a width of the first metal wire. 
7. The method of claim 1, wherein a width of the second 

metal wire is greater than a width of the first metal wire. 
8. The method of claim 1, further comprising: 
forming a third metal wire in a third dielectric layer, 

wherein the third metal wire and the first metal wire are 
in direct contact with one another. 

9. The method of claim 8, further comprising: 
forming a third capping layer above the third metal wire 

and the third dielectric layer, and between the first 
dielectric layer and the third dielectric layer. 

10. The method of claim 1, wherein the first predetermined 
distance and the second predetermined distance are at least 
approximately 0.6 um. 

11. A structure comprising: 
a first metal wire in a first dielectric layer, the first metal 

wire comprising a first vertical side opposite from a 
second Vertical side; and 

a second metal wire in a second dielectric layer above the 
first dielectric layer, the second metal wire comprising a 
third vertical side opposite from a fourth vertical side, 
wherein the first vertical side is laterally offset from the 
third vertical side, and the second vertical side is later 
ally offset from the fourth vertical side, 

wherein the first metal wire and the second metal wire are 
in direct contact with one another. 

12. The structure of claim 11, wherein the second metal 
wire is thicker than the first metal wire. 

13. The structure of claim 11, further comprising: 
a capping layer between the first dielectric layer and the 

second dielectric layer. 
14. The structure of claim 11, further comprising: 
a third metal wire in a third dielectric layer directly below 

the first metal wire, wherein the first metal wire and the 
third metal wire are in direct contact with one another. 

15. The structure of claim 14, further comprising: 
a capping layer between the first dielectric layer and the 

third dielectric layer. 
16. The structure of claim 11, wherein the first metal wire 

and the second metal wire togetherformathick inductor wire. 
17. The structure of claim 11, wherein the second metal 

wire is wider than the first metal wire. 
18. The structure of claim 11, wherein the second metal 

wire is narrower than the first metal wire. 
19. The structure of claim 11, wherein the first vertical side 

is laterally offset from the third vertical side by at least 
approximately 0.6 um, and the second vertical side is laterally 
offset from the fourth vertical side by at least approximately 
0.6 um. 

20. A design structure tangibly embodied in a machine 
readable medium for designing, manufacturing, or testing an 
integrated circuit, the design structure comprising: 

a first metal wire in a first dielectric layer, the first metal 
wire comprising a first vertical side opposite from a 
second Vertical side; and 
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a second metal wire in a second dielectric layer above the 
first dielectric layer, the second metal wire comprising a 
third vertical side opposite from a fourth vertical side, 
wherein the first vertical side is offset from the third 
Vertical side by at least approximately 0.6 um, and the 
second vertical side is offset from the fourth vertical side 
by at least approximately 0.6 um, 

wherein the first metal wire and the second metal wire are 
in direct contact with one another. 
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